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• THE  HORIBA LABOLATORY 

 Head  : Prof. Dr Shinkichi  Horiba 

   From 1925 to 1946, Prof. Shinkichi Horiba had carried out a number of scientific 
 research in the field of physical chemistry including surface or colloid chemistry and 

its application in the  Institute for Chemical Research of Kyoto University untill he 
retired, keeping a close relation with the Department of Physical Chemistry of Kyoto 
University. The main snbjects of research in the Institute were as  follows  : 

     I. High pressure chemistry. 
    II. Combustion and explosion of gases. 

   III. Contact catalysis and colloid chemistry. 
   IV. Organic colloid chemistry and its application. 

    V. Quantum mechanical theory of organic compounds. 
Chief results obtained during the  last ten years since 1935 are reviewed below. Most 
of them were published in the Review of Physical Chemistry of Japan. 

                  I. High Pressure Chemistry 

   Prof. S. Horiba studied high pressure chemistry for a long time. After many 

preliminary experiments the results obtained are described below. Recently studies 
in high pressure were made by Prof. R.  Kiyama, successor of Prof. Horiba, in his 
laboratory of physical chemistry in the Faculty of Science of Kyoto University. 

    1. Synthesis of Urea from NH3 and CO2 under High Pressure 

   T. Kume, G. Higashiwara and  K..Umemural) carried out kinetical studies in the 
reaction of the urea formation from  NH3 and CO2 under high pressure by means of 

the high pressure differential manometer. The condition of the change of  carbamate 
to urea were examined by treasuring the vapour pressure of the  carbamate in the 
temperature range  50-150°C. The pressure change  curves measured experimentally 
have breaks at  about 102°C. From the results it  becatte clear that the change of 

 carbamate to urea starts at about 102° and 25 atm. The influences of packing ratio 
and dehydrating matter were also examined. Further studies in this reaction have 
been performed in the Physico-Chemical Laboratory. 

    2. Ultra  Pressure2) 

   The high pressure technique requires two great  means, indispensable for any 
apparatus, the prevention of leakage and the prevention of the yielding of the material 
used. 

   (a)  Compressor and Reaction  Vessel Dr. R. Kiyama, after examining the  attach-
ments  hithei to made, tried to make an apparatus mere appropriate for ultra-pressure 
as well as such attachments convenient for use in the  laboratory. The procedure 
with the apparatus thus designed and constructed is as  follows  : a gas under 1 atmo-
sphere is compressed to 500 kg/cm2 and 1000  kg  /cm2 by means of a preliminary 
compressor. The gas thus compressed is  intredu.ced into an intensifier, which 
intensifies it to  5,000-6,000  kg/cm2. The  intensifier has a  compound piston consisting
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of two pieces, each being different in diameter. The piece of larger diameter is kept 
in contact with glycerine and the other with the gas. By  compressing glycerine into 
the intensifier with hydraulic pump, the compound piston, which is raised, gives the 
intensification of the pressure of the gas preliminary compressed. The gas compressed 
to  5,000-6,000  kg  /cm2 is introduced through a valve into a reaction vessel in which 
the experiments are to be carried out. Continuous running of a large quantity of gas 
into the reaction vessel is made by alternative use of two intensifiers. 

   (b) Pressure-Proof  Electrode  : Dr. R. Kiyama, after examining the material used, 
made an insulator of mica and rubber protected with steel as strongly as possible. So 
far as the type of the insulator, the disc ring type is most suitable and the insulator 
of this kind should be automatically compressed with pressure greater than the inner 

pressure. By cutting a quartz or a glass tube into a cylindrical ring, and by polishing 
the cut surface optically, Dr. Kiyama used it as an insulator. This ring is more 
effective than a combination of mica and rubber. The pressure-proof and heat 
resisting are superior to those hitherto made. 

   (c) The Pressure-Proof Character of Optical  Window  : In order to examine 
optically the inside of the pressure chamber ,Dr. Kiyama succeeded in setting pieces of 

glass or quartz tight only by pressing them hard and without cementing material. Such 
setting is more satisfactory as compared with the case when cementing material is used. 

   (d)  Packing  : Sealing is performed by the method of automatic compression by 
pressure greater than the inner pressure. Dr. Kiyama examined rubber, hard lead, 
tin and copper, and obtained satisfactory results by merely changing the dimension of 
those materials. 

   (e)  Relation between the Scale in the Bourdon Type Pressure gauge and the 
Position of the  Piston  : From the  comparison of the reading of the  Burdon type pres-
sure gauge tested by the free piston gauge tester with that of the position of the piston 
of the intensifier, it is admitted reversely that the Bourdon type pressure gauge can 
be tested from the position of the piston. The reading of the Bourdon gauge over a 
certain range can be corrected by equal division of the scale of the piston position. 

 (f) The Measurement of 5,000 kg/cm2 Gas  Pressure  : The method of measuring 
5,000 kg/cm2 by means of intensifier is examined. It is enough for us to measure 
the pressure of the glycerine-side by means of a fine Bourdon gauge. The multipli-
cation of the value thus obtained by the piston ratio gives the  gas-side pressure. The 
accuracy of measurement is examined by various methods. 

   (g) The Compressibility of the Air under Ultra  Pressure  : The compressibility 
of the air was measured by means of an intensifier. The results obtained from the 
term of  PV and P were compared with that of Amagat. 

   (h) Material Flow of Attachments of A High Pressure  Apparatus  :  3) An 
unreliable part is parking of the piston plug with rubber according to Bridgman's 
type for a long run. From this reason Dr.  Kiyama used steel instead of  rubber or 
soft metals. Deformation of the surface of piston plugs were examined. The prccess 
of rupture was also considered. 

   (i) The State Diagram of  1-Butene  :  4) The relation between T, P and V of 
higher olefins had not been measured. The  measurements were performed on 1-butene 
by measuring the  volume change of a known amount of the sample with increasing 

pressure. The measurement was made at  91-456°C under  10-45 atmospheres.
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1) T.  Kume, G. Higashiwara and K.  Umemura  : Rev.  Phys. Chem. Japan, 16, 15 (1942). 
2) R.  Kiyama  :  Ibid., 19, 1, 12, 17, 21, 26, 33, 38 (1945). 
3) R.  Kiyama  : Ibid., Commemoration vol., 73 (1946). 
4) R. Kiyama and  FL  Kinoshita  :  Ibid., 19, 43 (1945). 

             H. Combution and Explosion of Gases 

    1. Emission Spectrum of Flame 

   T.  Kitagawal) investigated the emission spectra of the  flatre of chlorine, bromine 
and oxygen in hydrogen, and recognized the existance of excited molecules of chlorine, 
bromine and water, respectively. Those excited molecules were  confirmed in com-

parison with the absorption bands of those single gases. It was discussed that those 
excited or vigorously vibrating molecules might play a significant role as intermediate 

products in burning reaction. 

    2. Kinetics of Explosion 

   (a) Thermal analysis of gaseous  oxidation  : W.  Jono2) studied the explosive or 
slow reaction of oxyhydrogen and carbon monoxide-oxygen gas mixtures. Initial 

pressure changes were recorded on photographic films with an electric condenser 
manometer. From these results, chain character of explosive reaction was discussed 
from the standpoint of thermal analysis of chemical reaction. It was found that 
under sudden mixing of reacting gases explosion takes place at temperatures or 

pressures where previously mixed gas did not  explode. This remarkable phenomena 
were attributed to the retarding effect of reaction products. 

   (b) Slow Oxidation and Cool Flame of  Acetaldehyde  : S.  Yagis) studied the 
kinetics of oxidation of acetaldehyde at various temperatures and pressures. He 
suggested that the reaction is consecutive,  i, e. the first process is formation or 

 accumlation of peroxide and the second is decomposition of it. Above a certain 
critical temperature and pressure the rate of decomposition becomes vigorous, and 
a flame, hot or cool, is established after the induction period r (1-15 seconds). The 
relation between r and total pressure  (P) was given by 

                                r  (p---p0)= const. 

where  P. is the critical pressure limit of inflammation. The effects of various 

additionals such as  C2f-130H, CH3COOH,  H2O or N2 upon the induction period were 

examined. The surface effects were also discussed. 

    3. Limiting Condition of Explosive Reaction and Flame Propagation 

   (a) Surface effect upon explosion peninshula  curve  : S. Kimata, N. Aomi and 
R.  Cote observed the limit of temperature and pressure for explosion of oxyhydrogen 

gas, the so-called explosion peninshula. It was found that the  surface condition or 
presence of a small piece of platinum wire had a great influence on the limiting 
curve, and that water vapour showed an remarkably retarding effect upon the occur-
rence of explosion. Thus, the effect of platinum was understood to be that of water 
vapour produced catalytically. Catalytic action of solid surface for oxyhydrogen was
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investigated by T.  Watanabe.5) He examined also the influence of KCI thoroughly. 

 (b) Spark  ignition  : T. Hayakawa and R.  Goto°) studied the limiting condition 
of spark ignition of oxyhydrogen gas at low pressure, and obtained analogous curves 
to the thermal explosion limit curve. This limiting curve of spark ignition was under-
stood as superposition of the sparking and explosion limits. 

   (c) Pressure effect of the explosion and propagation velocity of explosion  wave  : 
K. Urakubo and R.  Goto7 recorded the pressure effect of the explosive reaction of 
oxyhydrogen gas with a membrane manometer. Various types of oscillation curves 
obtained were discussed in relation to the modes of propagating flame. The propa-

gation velocity of explosion wave or flame was recorded with an oscillograph by M. 
Suzuki and R.  Goto.8) 

    4. A General Theory of Gaseous Explosion 

   After various experiments, R.  Goto9) proposed a revised theory of gaseous explosion 
against the microscopic chain theory of Semenoff or Hinshelwood. He claimed that 
explosive reaction is essentially not homogeneous, but it proceeds through two descrete 
kinds of stage i. e. (1) starting of a flame locally, and (2) propargation of the  fame. 

 Thus, an explosive reaction must be conditioned by the fulfilment of the above two 
stages. The condition of  explosion was given by 

 7Q/e  >1 

where Q is the heat of reaction,  e energy of activation, and r the coefficient of 
efficiency. 

    5. Spontaneous Ignition Temperature-Time Lag Curves of Lipuid Fuels 

   (a) Estimation of the octane  value of the  fuels  : Using a porcelain crucible in 
the air or oxygen, I.  Yamakital°)  tied to determine the spontaneous ignition tempe-
rature-time lag curves of various kinds of fuels. The types of fuels were classified, 
taking additional effects into consideration. Arranging the curves of the fuels 
belonging to the same type, their octane values could be approximately estimated. 

   (b) Surface effects upon the spontaneous ignition of liquid  fuels  : S.  Ono") 
examined surface effects  upon spontaneous ignition in a crucible, and found consider-

able effects of them generally. Ethylalcohol was accelarated by the presence of 
metals, carbons or lead  oxides. But ignition of most fuels were suppressed by the 

presence of platinum, copper or nickel. 

 1) T.  Kitagawa  : Rev. Phys. Chem. Japrn, 11, 61 (1937) ; 12, 135 (1938) ; 13, 96 (1939). 
 2) W.  Jono  ; Ibid., 9, 1  (1935)  ; 15, 17 (1941). 

 3) S.  Yagi  :  Ibid., 18, 77 (1944) ; 19, 103, 115, 123, 129 (1945). 
 4) R. Goto, S. Kimata and N.  Aonai  :  Ibid., 15, 42 (1941). 

 5) T.  Watanaba: Ibid., Commemoration vol., p. 68 (1946). 
 6) R. Goto and T.  Hayakawa  : Ibid., 15, 118 (1941). 

 7) R. Goto and K.  Urakubo: Ibid., 16, 29  (1942). 
 8)  R. Goto and M.  Suzuki  : Ibid., 16, 65 (1942). 

 9) R.  Goto  : Ibid., 16,  101, 141, 152 (1942) ; 16, 141 (1942) ; 16, 152 (1942). 
10) I.  Yamakita  : Ibid., 19, 69, 85, 98  (1945). 
11) S.  Ono  :  I  bid., Commemoration vol., p. 42 (1946).
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          III. Contact Catalysis and Colloid  Chemistry 

   Under Prof. S. Horiba's direction, many fundamental reserches on the mechanism 
of contact catalysis has been obtained from the standpoint of kinetics of heteroge-
neous reactions as seen in the following. 

• 

    1. Adsorption of Gases on Solids 

   M.  Kubokawa') measured the adsorption of methane on reduced nickel under 
 1.10-  3-5  mm.Hg pressures in the temperature  range  —120°--250°C. Only van der 

Waal's adsorption appeared below room temperature and the heat of adsorption has 
been found to be 1 Kcal. In the presence of active nickel catalyst, activated adsorption 
has been measured even above 40°C, and the activation energy caluculated from its 

velocity was 7 Kcal. 
   K.  Kawakita2) found an  interesting phenomenon that the  resultant pressure of 

the  reacting system became nearly  2.61.0 in the decomposition of carbon monoxide by 
reduced iron catalyst at 300  400°C.  This was  clue to the chemisorption, such a 
material chain reaction as seen in the  following, of  carbon dioxide by the catalyst, 

                     Fe +  (CO2).1rs  =  Fc,,Oy  +  (CO) 
                        2  (CO  )A,c,  (CO2)Aas.  C. 

The  relation between the  chemisorption at high temperature and van  der Waal's 
adsorption at  0°C and also the influence of the chemisorption on the catalyst surface 
were examined, and the  fraction of the surface covered with the adsorbed molecules 
was calculated. The possibility of various reactions which seem to have appeared 
in chemisorption has been considered from the standpoint of thermodynamics. The 
kinetics of chemisorption was studied by the Horiba's method of analysis of reaction 
velocity in the heterogeneous system. The apparent heat of activation was 37 Kcal/mol. 

   Y.  Ishikawa3) studied in  detail the state of hydrogen and water molecules 
absorbed on a platinum plate by measuring the desorption of the absorbed gas by the 
impact of slow  electrons  (6-50V). The adsorbed hydrogen was molecular  3-Zg state 
and the hydrogen desorbed by electron impact was atomic. The collision of a slow 
electron first brought forth the  lEg•  3E. transition which  results in the dissociation 
of the adsorbed molecules and faster electrons excited to  3Eg  , changing into  3Eu 
momentarily, unstable  H2+ and  H2+  + . The adsorbed layer of hydrogen was monomole-
cular, but in the case of water, the formation of thicker layer (more than 100 mole-
cular layer) and even condensation in bulk occured. A good coincidance between the 
dissociation potentials obtained from the absorption spectrum of water and those of 
the adsorbed water moleculeds determined by a slow electron impact showed that the 
water molecules determined by a slow electron impact showed that the water mole-

cule absorbed on the surface of platinum was not much perturbed its electronic state. 

    2. Contact Catalysis in Gaseous Phase 

   M. Kubokawa investigated kinetically the decomposition of methane on the 
surface of  platinum4) and reduced  nickel). The pressure and temperature range was 

 0.79-4.51 mm and  1000-2000°C in the former case respectively,  30  mm and 420— 

500°C in the latter. In both cases, the reaction velocity was expressed by                                                                  dxb(a                                                                      at-x"x)2
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a was the initial amount of methane, x its decomposed amount at the time  t, k and 
n constants.  The retardation exponent n was always larger than 1, because the 
reaction was retarded by  strong adsorption of reaction products, such as  CH4->C  + 
2H2. K. Seya6 measured the decomposition velocity of ammonia by reduced iron 
catalyst at  390-430°C by the static method using a spring manometer. The reaction 

proceeded in retarded form at the initial stage, then in the zero order and again in 
retarded form. 

   0. Toyama studied the kinetics of the hydrogenation of  ethylene73 and  propylene° 

with nickel catalyst in the temperature  range  -78--0°C and  25-478°C at the pres-
sures of a few cm Hg. Langmuir's isotherm could be applied, and the rate of reaction 

             dxPcrf4 
was represented by1p2when the pressure of hydrogen was kept 

                                    262114 

             itconstant and byiti-K3PH2 when the pressure of ethylene constant. The heat of 
adsorption was about 15 Kcal/mol for both ethylene and propylene. R.  Kiyarna9) 
also measured the hydrogenation velocity of iso-butylene with nickel catalyst under 
various conditions. 

   Y. Kondo and 0.  Toyama") investigated statically the kinetics of the reaction 
between carbon monoxide and oxigen catalyzed by  .quartz surface in the region above 
the upper explosion limit, viz.  570-650°C. K.  Kawakitall) measured statically the 
velocity of reduction of ferric oxide by hydrogen at  200-.-600°C. The reaction was 

                                                  -
t                               dx autocatalytic, being expressed by-d—Kxn(a—x) and the constant n varied with tempe-

rature, and had a topochemical meaning. 

    3. Colloidal Catalysis in Liquid Phase 

 E.  Suito12) investigated in deteil the catalytic decomposition of hydrogen peroxide 
by colloidal platinum, prepared by Bredig's or Svedberg's method, by "the thermal 
analysis of reaction velocity ". The reaction type was generally of the first order, 
but in the initial stage retardation or acceleration occured. The activity varied in 
according with aging, heat treatment and gas treatment of the sol. The relation 

                                                                       a b
etween the activity and concentration of the sol was expressed asal=  From                                                                             ci• 

the effect of acid and base upon this reaction, he discussed the relation between the 

 Z-potential of colloidal particles and their catalytic activity and also the surface 
constitution of the colloid according to the ionic adsorption theory. 

    4. Poisoning of Catalysts 

   S.  Onol° studied the poisoning effect of carbon monoxide and the lanolin bees-

wax vapour on the oxyhydrogen reaction on a palladium wire, and concluded that 
the 02-Pd surface was indispensable for the reaction and the poisoning was caused 

by the diminution of the area of the 02-Pd surface owing to the selective adsorption 
of CO on the active part of Pd. 

 E.  Suit(*) investigated the poisoning of the catalytic decomposition of hydrogen 

peroxide on colloidal platinum by carbon monoxide as an example of temporary type 
as well as by mercuric chloride, mercuric cyanide and potassium cyanide as permanent 

type. In the former case, the reaction proceeded consecutively, viz the inert period 

CO  +  H202  =CO2  +1-120 and the  active period  H202 =  H2O  +  2  02 and its mechanism
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could be explained well by the adsorption isotherm of Langmuir-Hinshelwood. In 
the latter case, poisoning seemed to be due to the strong ionic adsorption of  Hg++ 

 or  CN- on the catalyst. 
   From experimental results on  the decomposition of hydrogen peroxide with the 

platinum black poisoned successively by mercuric ion, M.  Kubokawal-5) showed that 
the energy  distribution of the active centre of catalysts can be treated according to 
Boltzmann's principle. 

    5. Colloid Chemical Investigation of Starch Solution 

   S.  Ono16) studied disintegration of native starch paste of potato and wheat caused 
by ultrasonic waves by measuring their viscosity. It was suggested that the chief 
mechanism of disintegration is mechanical action through the agency of bubbles 
caused by the cavitation or pulsation in starch solution, accompaning hydrolysis or 

 oxidation. 

 1) M.  Kubokawa  : Rev. Phys.  Chem. Japan, 12, 157 (1938). 
 2) K.  Kawakita  .  Ibid., 11, 39 (1937)  ; 12, 105 (1938) ; 13, 87 (1939)  ; 14, 1 (1940). 

 3) Y.  Ishikawa  : Ibid., 16, 83, 116 (1942)  ; 17, 176, 190 (1943). 
 4) M.  Kubokawa  :  Ibid., 11, 82, 96 (1937). 

 5) M. Kubokawa  :  Ibid., 12, 90 (1938). 
 6) K.  Seya  :  Ibid., 13, 137 (7939). 

 7)  0.  Tayama  ; Ibid.,  11, 153  (1937)  ; 12, 115 (7938). 
 8)  0.  Toyama  :  Ibid., 14, 86 (1940). 

 9) R.  Kiyama  :  Ibid., 15. 137 (1941). 
10) Y. Kondo and  0.  Toyama  :  I  bid., 13, 166 (1939). 
11) K.  Kawakita  : Ibid., 14, 79 (1940). 
12) E.  Suito  : Ibid., 13, 74 (1939)  ; 15, 1, 155 (1941) ; 16, 1 (1942). 
13) S.  Ono  : Ibid., 17. 115, 145 (1943). 
14) E.  Suit°  :  Ibtd., 18. 96, 109 (1944) ; Commemoration vol., p. 31 (1946). 
15) M.  Kubokawa  :  Ibid., 11, 202 (1937). 
16) S.  Ono  :  Ibid., 14, 25. 101 (1940). 

        IV. Organic Colloid Chemistry and its Application 

    1. Organosol 

   Almost 20 years ago in the Horiba Laboratory various new methods for preparing 
organosols were completed. These methods were utilized for manufacture of colloidal 

medicines and ship bottom paints. Besides studies in the field of application funda-

mental research on the organosols, formed by the methods above-mentioned, were 

carried out by I. Yamakita under Dr. S. Horiba's direction. 

   When cadmium amalgam was mechanically dispersed in the mixture of olive 
oil and oleic acid by a  colloid mill invented in the Horiba Laboratory, a gel was 

 obtained.') This gel formation was found to be attributed to the gelation of cadmium 

oleate oleic acid solution. A study on  ge12) formed from the solution was made. 

It was recognized that oleic acid solution of cadmium oleate containing more than 

 4.42% solute gelates at 11°C temperature. Some physical changes of the solution
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 during gelation (volume change, variation in  polarisation,) and some  chararters of 

gel (melting point, syneresis tendency, optical  properties) were observed. From the 
results obtained the  mechanism of the gelation was deduced. 

    As one of the methods for  prepa,ing  organosols  above-mentioned, there is a "metal 
organosol formation  method.  " The  principle of this method is to  c  is2erse noble metals 
such as gold,  silver,  mercury etc. as colloidal particles in fats  and oils by the heat 
decomposition of metallic oxides, mixed with the dispersion medium. 

   In the case of gold  organoso1,3) it was found that stable sol with red tint was 
formed, when higher fatty acid as well as fats and oils, having a mild reactivity 
against gold oxide, were used. The chemical change during the process of colloidal 

gold formation was pursued, and some properties of gold organosol formed (particle 
size, viscosity, particle charge, stability, coagulation phenomena) were  investigated. 
The results obtained were compared with knowledge of gold hydrosol. 

   In the case of silver  organoso1,4) the dispersion media which were high mole-
cular and at the same time suitably reactive to silver oxide, were found to be 
favourable to the formation of stable sol, Some properties of silver organosol (particle 
size, viscosity,  pa,  tide charge, stability, behaviour against coagulating materials) 
were investigated. The results obtained were compared with those of gold organosol. 

    2. Ship Bottom Paints. 

   As one of the studies in the applied  field of organosol, research on the manu-
facture of ship bottom paints was carried out by S.  Shimomoto under Dr. S.  Boriba's 
direction, and new methods for manufacturing ship bottom points were discovered. 
These methods were registered as Japanese  patents.5) 

1) S. Horiba  : Bull. Inst. Chem. Res., 9. 139 (1939). 
2) I.  Yamakita  : Rev. Phys. Chem. Japan, 14, 147 (1940). 
3) I.  Yamakita  :  Ibid., 17, 66 (1943). 
4)  I.  Yamakita:  Ibid., Commemoration vol., 14 (1946). 
5) S. Horiba and S. Shimomoto: Japanese patent No. 152605, No. 173900. 

     V. A Quantum  Mechanical Theory of Organic Compounds 

    1. The Effect of Organic Substituents on Reactivity 

   T.  Ril) assumed that the effect of the substituents of organic compounds is trans-

mitted by chemical bonds instead of through media, and that the substituent effect 

is composed of two effects, the inductive and resonance effects. By a quantum 

mechanical consideration, it was shown that the ratio  e2/E1  , is 0.45, where  e2 and 

 ei are the induced charges due to the induction effect of a substituent on the two 

atoms connected by a single bond, the latter being the charge on the atom nearer 

to the substituent. Thus, a new electronegativity scale for organic  substituents 

which was applicable for practical purposes were obtained. The charge distributions 

in the molecules of monosubstituted benzenes and the dipole moments were also 

 calculated.2) From the same standpoint the acid strength of substituted acid was 

 discussed.3)
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    2. Quantum Mechanical Calculation of the Bond Momensts 

   Assuming that a chemical  bond is the resonance system of the covalent bond 
and ionic bond, T.  Ri and N.  WIttroyarnal) calculated bond moments for diatomic 

and  polyatomic molecules, and the results agreed satisfactorily with the observed 

values. 

1) T. Ri:  Rev. Phys. Chem. Japan, 17, 3 (1943). 
 2) T. Ri: Ibid., 17, 16 (1943). 

3) T.  RI: Ibid., 17, 32 (1943). 
4)  1'.  Ri and N.  Murpyama:  Ibid., 18, 24 (1944).




